Abstract-A thin dielectric slab over a conducting sheet is a low-loss slow-wave guiding system. When one introduces a magnetic wiggler into the system one may efficiently excite millimeter waves by passing a sheet electron beam just above the dielectric surface. For realistic parameters, the energy requirements on the beam are greatly reduced due to the wiggler. The frequency u, and the growth rate G are very sensitive to beam energy. G scales as l' h /:> Bl /3 with beam current I h and wiggler strength B o and decreases with increasing width of the dielectric and increasing u,.
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I. INTRODUCTION
F REE-ELECTRON laser (FEL) is emerging as a suitable device for generating high-power coherent radiation at millimeter and shorter wavelengths [l]- [4] . The device involves the interaction of a relativistic electron beam with a guiding system in the presence of a wiggler field; the latter is essential to conserve momentum. The frequency of radiation w, is related to the wiggler period X o ( =27rV) as [5] is the beam velocity and v ph is the phase velocity of radiation. In vacuum guides, e.g., a cylindrical waveguide or a parallel plane guiding system the phase velocity v ph > c approaching v ph = c at frequencies much higher than the cutoff, consequently, 7 Ocff = 1 + E/mc 2 , i.e., one requires excessively large energies to generate higher frequencies. There are two alternatives to avoid high beam voltages. One, by lowering the wiggler period [6] or, conversely, using electromagnetic [7] - [9] and electrostatic [10] , [11] wave wigglers of shorter wavelength. Second, slowing down the waves in the waveguide, e.g., by introducing a dielectric lining [5] , [12] , [13] . Both these schemes have some advantages and are being pursued currently. It appears that another suitable configuration for slowing down the wave is a stripline geometry in which a dielectric slab is mounted over a conducting sheet. This structure has been in frequent use for millimeter-wave passive devices. Shiozowa and Konda [14] have recently investigated the excitation of TM modes of a stripline via Cerenkov interaction, by a relativistic electron beam, without a wiggler, and obtained growth rates comparable to the conventional Cerenkov FEL's. If one introduces a magnetic wiggler in the interaction space, one can substantially reduce the requirements on the beam energy. In this paper, we study a Manuscript received May 4, 1989 ; revised December 14, 1989 . This work was supported by MHRD and CSIR India. The review of this paper was arranged by Associate Editor R. J. Temkin.
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Compton regime free-electron laser in the stripline geometry using a sheet electron beam. Recently, significant efforts have been focused on planar wiggler FEL's employing sheet electron beams [15] as the wiggler magnetic field decays exponentially with distance from the magnet; this configuration may lead to stronger coupling at short wiggler periods. Currently, the fabrication of a 1-MW, CW FEL oscillator in planar geometry is underway at the University of Maryland [16] . In Section II we study the excitation of a slow electromagnetic wave by a sheet beam neglecting space-charge effects. We follow a fluid approach and employ first-order perturbation theory to obtain the growth rate. We discuss our results in Section III.
II. MODE STRUCTURE
Consider a stripline free-electron laser device (cf. Fig.  1 ) consisting of a conducting plane over which a dielectric slab of thickness a (of the order of a radiation wavelength) and permittivity e is placed. A two-dimensional array of permanent magnets produces a wiggler magnetic field in the region just above the dielectric.
:u
Typically, the size of the gap (between the north and south poles) is of the order of a wiggler period X o = 2irko l which is much larger than the radiation wavelength or dielectric slab thickness. Consequently, the stripline can have an upper boundary (or enclosure) several radiation wavelengths away from the dielectric and magnets can be placed just outside the enclosure without affecting the radiation mode structure. A sufficiently good vacuum (pressure < 10~3 torr) is necessary to be maintained inside the enclosure to allow the propagation of an electron beam. to which the particle response is
O>' = COJ -C00
k' = k\-ki bunching one requires the phase velocity of the ponderomotive wave to equal the beam velocity
Denning an effective index of refraction , = at,/",, (3) is 3 " " effective " beam P lasma frequency. Here we have can be rearranged to obtain the frequency of FEL radia-neglected the space-charge potential of the wave which is valid as long as the growth rate of the instability G is larger than beam plasma frequency, i.e., at low beam densitities. Writing 
In order to obtain the beam response to the wiggler and the FEL fields we move over to the beam frame, moving
(as we shall see a little later) and ignoring the x dependence of B Q we obtain
with velocity v b z. In this frame the wiggler wave appears " Aiteui'
to be an electromagnetic wave of frequency wn, wave vec-... .,». , .. , , v . ,, , , r ,, J i * • c u S; Using (10), the nonlinear current density in the lab frame tor itn, and electric field EL / u • at 03\, A:, can be written as 
where
The beating of the wiggler and the radiation wave generates ponderomotive potential at (co\ k' ) E\ (8) where e p = e for 0 < x < a, e p = 1 forx > a. The righthand side of (12) is zero as expected at JC = b. We write down the solutions of (12) 
Substituting for T in the left-hand side we get Near the resonant frequency 03, = o> u at which both the factors on the left-hand side of (16) The dispersion relation for the guide mode can be solved numerically to plot w, versus k\. One may see from (17) that k Y a > vr/2, i.e., a>,a/c > TT/2 (e -r; 2 ) 1 / 2 . In Fig.  2 we have plotted the dispersion relation of the fundamental TE mode for a typical value of dielectric constant e = 1.7. The guided (nonleaky) mode has a phase velocity y P h = c at a;, = 3.5c/a and goes to v ph = c/e'^2 as a;| acquires higher values; co, = 3.5c/a is the lowest frequency that can propagate as a nonleaky mode. We have also plotted the beam mode for v b /c = 0.7, |jfc o | a = 1. The point of intersection of the two gives the operating
where RHS is the right-hand side of (16). Substituting Its decrease with a is due to the fact that with larger a, the radiation mode extent increases requiring the beam to feed energy in a more extended region. fl, and q x are dependent on beam energy Yo and wiggler wavenumber q 0 (cf. (4) and (17)). The effect of increasing q 0 is to increase Q,, a little more than linearly (note 17 is a function of 12,). 7 0 leads to a much stronger enhancement in Q,. With increasing $}, the factor within the big parenthesis [ ]'/ 3 increases while the exponential factor decreases rapidly leading to overall reduction in the growth rate. In Fig. 4 we have plotted growth rate as a function of radiation frequency for typical parameters e = 1. A stripline configuration supports nonleaky modes for frequencies w, > a c where u c depends on the permittivity and the width of the dielectric. Fore = 1.7, 03 c . = 3.5c /a, io c decreases with increasing e. At o>, = co c the effective refractive index of the guide is 1. As OJI increases it approaches e'/ 2 . To avoid any direct Cerenkov excitation one must keep beam velocity below c/e'^2. The lower limit on the width of the dielectric is placed by its breakdown limit and operating power flux of radiation. However, one cannot choose too thick a dielectric to risk considerable reduction in the growth rate. The allowance for finite resistivity of the metal sheet (below the dielectric) is seen to give a linear damping rate < 10 5 s" 1 , for oj] •£= 200 GHz, which is four orders of magnitude smaller than the growth rate G, hence, should not have significant effect on the FEL instability.
The calculations presented here are done for parameters typical to pulsed FEL's with pulse duration ~ 100 ns. However, it would be interesting to consider its feasibility for CW operation; two major issues being i) the dielectric breakdown and ii) heat dissipation. However, we do not undertake that study here.
It would be worthwhile to compare the growth rate given by (19) with that of a conventional Compton regime FEL. They are nearly the same except the exponential factor in (19) is replaced by a geometrical factor of the order of the width of the beam to the extent of the radiation mode (i.e., the radius of the guiding system) in the case of the latter.
